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Abstract 
Carbon Capture and Storage (CCS) is an increasingly popular scheme to mitigate CO2 emissions from large point 
2 emissions and are 
therefore the most attractive target for CCS. For a typical thermal power plant; the process would involve capturing 
the CO2, transporting it to a suitable location for storage and storing it in a manner that will ensure minimal leakage 
over a very long period of time. Due to public concerns and protests regarding storage onshore, offshore geological 
storage of CO2 is most likely to be used for future projects (Windén et al. 2011). The successful implementation of 
CCS thus depends on the feasibility of capturing the CO2, transporting it to an offshore site and injecting it deep 
beneath the seabed. Pilot projects such as the Sleipner rig in Norway have already proven the feasibility of using 
offshore geological storage and post combustion technology for capturing CO2 can also be considered mature. No 
long distance, large scale transportation solutions for CO2 has yet been proven to work with satisfactory results. 
Transportation of CO2 is thus identified as an area where breakthroughs could lead to forward leaps in mitigating 
greenhouse gas emissions. This paper presents a study on a possible future way of solving CO2 transportation issues 
associated with the use of CCS. 
 
Geological storage locations are located in the sedimentary basins which is where oil and gas reserves are also found. 
The issue of transporting CO2 from an onshore power plant to an offshore storage site can thus be compared to the 
issue of transporting natural gas from an offshore extraction site to an onshore power plant or production facility. 
This is conventionally done using either ships or pipelines. This paper investigates the cost competitiveness of using 
the third alternative of Gas To Wire (GTW) where the gas is combusted offshore. This eliminates the need for 
transportation altogether and the concept has already been proven to be attractive for exploiting certain gas fields. It is 
shown here that the concept is even more attractive in a scenario where CCS is used since it eliminates two 
transportation issues. In this study, the transportation cost of natural gas and CO2 is compared to the costs of sub-sea 
High Voltage Direct Current (HVDC) electrical cables and is shown to be higher. Pipelines have a large potential to 
be the most economical way of transporting CO2 to most prospective storage sites in the future (Windén et al. 2011) 
and will therefore be used to represent a conventional method of CO2 transportation in this study. For comparison, 
the alternative of transporting by ship or using a pipeline-ship combination will also be presented briefly. Initial 
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studies show that the reduction in transportation costs compared to all conventional methods would more than offset 
the increased costs of operating a power plant offshore. It is also shown that the gains in transportation cost will 
decrease the Levelised Cost Of Energy (LCOE) for an example scenario located in Western Australia. This work has 
been carried out as a part of the Lloyd's Register Educational Trust Collegium of 2011. 
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1. Introduction 
Carbon Capture and Storage (CCS) is a topical scheme for mitigating CO2 emissions from large point 
sources (IPCC 2005). Currently, the largest human made point sources are thermal power plants which 
2 emissions. These are therefore seen as the most 
attractive targets for large scale CCS schemes. For a typical thermal power plant; the process would 
involve capturing the CO2, transporting it to a suitable location for storage and storing it in a manner that 
will ensure minimal leakage over a very long period of time. Due to public concerns and protests 
regarding storage onshore, offshore geological storage of CO2 is most likely to be used for future projects 
(Windén et al. 2011). The successful implementation of CCS thus depends on the feasibility of capturing 
the CO2, transporting it to an offshore site and injecting it deep beneath the seabed. Pilot projects such as 
the Sleipner rig in Norway have already proven the feasibility of using offshore geological storage and 
post combustion technology for capturing CO2 can also be considered mature. No long distance, large 
scale transportation solutions for CO2 has yet been proven to work with satisfactory results. 
Transportation of CO2 is thus identified as an area where breakthroughs could lead to forward leaps in 
mitigating greenhouse gas emissions. 
   
 
Nomenclature 
 
Et Electricity generation in a specific year 
Ft Fuel expenditures in a specific year  
It  Investment costs in a specific year 
LCOE Levelised cost of energy 
Mt Maintenance costs in a specific year 
N Lifespan of system 
 
r Discount rate 
t Denotes a specific year from 1 to N 
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2. Transportation alternatives 
Geological storage locations are located in the sedimentary basins which is where oil and gas reserves 
are also found. The issue of transporting CO2 from an onshore power plant to an offshore storage site can 
thus be compared to the issue of transporting natural gas from an offshore extraction site to an onshore 
power plant or production facility. This is conventionally done using either ships or pipelines. There is 
however an alternative to transporting the gas. Gas To Wire (GTW) is a way of exploiting gas fields 
where transportation is difficult or not profitable to achieve. In a GTW system, the gas is processed and 
combusted offshore and the generated electricity is sent either to the onshore grid or to other offshore 
platforms via high voltage cables. In a CCS scheme this becomes more attractive since it eliminates two 
transportation needs, natural gas from extraction site to shore and CO2 from shore to injection site.  
 
Companies have also shown an interest in GTW due to the reduced need for legal processes when 
acquiring land and permits for building conventional power plants (WALLER MARINE, 2011). In 
addition, the GTW concept provides an attractive solution for marginal gas fields and stranded gas where 
it achieves a higher thermal efficiency compared with conventional approaches (HITACHI, 2011). The 
concept of combining an offshore power plant with CCS was first investigated by Hetland et al. (2008). 
The SEVAN GTW concept, developed by SEVAN MARINE and Siemens is a cylindrical platform 
equipped with eight combined cycle gas turbines and an amine based carbon capture system (Hetland et 
al., 2009). However, the cost benefits of such a concept versus conventional power generation have not 
been investigated before. 
3. The concept 
The concept of an Offshore Thermal Power Plant with CCS (OTPPC) is illustrated in Fig. 1. It 
involves integrating gas extraction, gas processing, electricity generation and transmission as well as CCS 
onto one single offshore system. In Fig.1, this is illustrated as a single unit. However, depending on 
existing infrastructure in the area, this can be done on a single platform or be shared by several extraction 
and production rigs (such as FPSOs) already in place. The natural gas can be extracted either from gas 
fields directly below the platform or from more distant sources. The CO2 is injected either in a separate 
storage location or directly into the active gas field for active gas recovery. The type of platform will 
depend on what is suitable for the local conditions but generally a ship based (FPSO-type) floating 
platform will give the greatest deck area with relatively good seakeeping performance.  
 
Other alternatives include a semi-submersible platform which will be able to cope with more severe 
weather or a Tension Leg Platform, SPAR or seafloor mounted platform for more shallow depths. The 
benefit of using a floating platform is that it will be more flexible for shifting locations between gas fields 
which will be important if they are marginal. 
 
An example of the concept applied on a ship-type platform with a 430 MW power plant is given by 
Windén et al. (2011). This is shown in Fig. 2 where the power generation is split between four blocks of 
combined natural gas and steam turbines. 
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Fig. 1. An Offshore Thermal Power Plant with CCS (OTPPC) 
 
 
Fig. 2. Example of a layout for a ship-type OTPPC (Windén et al. 2011). 
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3.1. Electricity transmission 
Over long distances, a High Voltage DC (HVDC) cable is preferable over High voltage AC cable 
(HVAC) since it gives fewer losses in the actual transfer. However, DC cables require transforming the 
electricity from AC to DC at the offshore site which is costly and involves losses of about 2-3% per 
transformer (Erlich and Brakelmann 2007). For this reason, AC seems to be preferable for transmission 
over shorter distances like from near-shore wind-farms. The break-even distance, considering both 
material and operational costs seems to be about 50-100 km (Lazaridis 2005; Negra et al. 2006; van 
Eeckhout 2008). This however depends on the specific technologies involved but there seems to be more 
potential in further developing the HVDC option to become even more cost effective and it is likely that 
this will be used to carry electricity generated by future offshore installations. Many new developments in 
HVDC technology have been made in the last decade and experience is growing, for example the HVDC 
Light technology was used for the first time in 1999 with a 200 km link. By 2009 almost 2000 km of 
HVDC Light cables had been implemented worldwide (Johannesson et al. 2009).  
 
A further consideration that has to be made when choosing the type of cable to use is connectivity to 
existing and planned offshore grids. If an offshore power plant can connect directly to an existing 
international cable, costs could be reduced. The vision for the future seems to be high capacity HVDC 
cables connecting nations; an example is the proposed European Supergrid which would most likely be a 
HVDC solution (van Hertem and Ghandhari 2010). For these reasons, costs for the OTPPC will be 
calculated assuming it uses a HVDC solution to transmit power to shore. In order to change the voltage 
from AC to DC, a rectifier is used in combination with a transformer. The energy penalty of the 
integrated transformer module is assumed to be 5%. 
4. Transportation cost analysis 
Some assumptions are needed in order to carry out the analysis. Firstly the emissions from a typical 
gas fired power plant are assumed as 356g CO2/kWh (UK SDC, 2006). Secondly, the distance needed to 
transmit electricity to the onshore grid is assumed to be the same as the distance needed to transport 
natural gas and CO2. The comparison is thus made between an onshore power plant located on the coast, 
as close as possible to the extraction and injection field and an offshore plant located on the extraction 
field and transmitting electricity to the same onshore location. As a reference the fuel consumption of 
5700 Btu/kWh for a 570 MW Siemens SCC5-8000H CCGT power plant (Siemens, 2011)  is used.  
 
Based on the above assumptions, the total required transportation capacities for both CO2 and natural 
gas can be found. Furthermore, the cost of transporting one Btu of natural gas by offshore pipelines and 
LNG tankers has been stated by Cornot-Gandolphe et al. (2003) and the cost of transporting one tonne of 
CO2 is given by IPPC (2005). Combining these two sources gives an estimate of the yearly transportation 
costs per MW for an onshore power plant depending on the distance to the gas field.  
 
An example of costs for subsea HVDC cables was given by Thomas (2009). Windén et al. (2011) 
investigated the costs of the HVDC cables based on the existing long-range HVDC cables. The costs of 
HVDC cables are estimated in the range of 2000-4000 MM$ per Watt and kilometer of transmission. 
 
The cost of using GTW is compared to the most cost effective alternative for transporting gas for 
different distances offshore. Since there is a range of uncertainty regarding the cable costs, two graphs are 
3002   Björn Windén et al. /  Energy Procedia  37 ( 2013 )  2997 – 3004 
given, one for the low estimate and one for the high estimate of cable cost. Different lifespans for the 
system are also considered. The comparison is made for a 500 MW power plant in Fig. 3. 
 
 
 
 
 
 
 
 
 
           (A)                                         (B) 
Fig. 3. Cost benefit of GTW for a CCS scheme for (A) low estimate of cable costs and (B) high estimate of cable costs 
Because the initial cost of cables are very high, a cost benefit is only achieved for more than 20 years 
of operation for the low estimate and 25 years of operation for the high estimate of cable costs. However, 
the lifespan of offshore installations and power plants are generally considered to be in or above this 
range. 
 
5. Levelised cost of energy of exemplar case 
Transportation costs are not the only costs associated with power generation from offshore gas and 
since the concept will involve different infrastructure than conventional systems.  For this reason, the cost 
effectiveness of the OTPPC compared to a conventional power plant must be compared in terms of the 
Levelised Cost Of Energy (LCOE). This is the cost of generating electricity using a specific concept seen 
over its whole lifespan. The LCOE is defined as 
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where t is the operational year and  N is the expected lifetime. It represent the investment expenditures, Mt 
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The factor r is introduced as a discount rate to account for factors such as interest rates, taxes and other 
variable risks.  
 
An exemplar installation location is chosen of the coast of Western Australia. The benefit of applying 
GTW in this location compared to conventional techniques in terms of LCOE was investigated by 
Windén et al. (2011). The benefit considering all factors involved and using a completely custom built 
platform for the OTPPC was given as 8-14 AU$/MWh for a design life of 25 years.  
 
6. Conclusions 
This study has shown that the GTW concept has increased merit if CCS is introduced for thermal 
power generation. It has introduced the idea of the OTPPC as a modular or single platform offshore 
system for generating electricity with zero CO2 emissions. This concept can become attractive in a future 
where CCS becomes a preferred approach due to carbon taxing. It has been shown that it has the potential 
to reduce the LCOE for generating electricity using natural gas, especially for marginal fields.  
 
The cost benefit of the system comes from the fact that the transport costs can be greatly reduced by 
removing two transportation needs.  Most of the reduction in LCOE for the exemplar case is due to the 
reduced transportation costs. Furthermore, the analysis has made some rather unfair assumptions against 
the GTW system. Even though it is usually practical to lay an electricity cable to the closest available 
landing site, this is usually not true for pipelines or ships. Furthermore, natural gas plants sited inshore 
will require even more pipelines increasing the attractiveness of GTW even more in comparison.  
 
There is however an element of uncertainty with this scheme. Operating large installations offshore 
leads to more exposure of expensive equipment to risky situations as well as increasing the capital and 
operational costs. In an uncertain market this will inevitably deter many investors. However, the 
experience of operating offshore wind farms of ever increasing complexity is growing so the hope is that 
this concept might be considered in the near future. 
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